In this paper, by observing a system which is composed from a workpiece and a tool holder, a dynamic and a mathematical nonlinear model is acquired. These models can be used as a theoretical foundation for research of self-excited oscillations, which are the object of research in this paper. All relevant oscillator factors are taken into consideration including a frictional force between flank surface and a machined new surface, which is dependent on relative system speed. For obtaining more reliable results, the characteristic friction function is expanded into the Taylor series with an arbitrary number of members regarding required accuracy. The main nonlinear differential equation of the system is solved by the method of slowly varying coefficients, which is elaborated on in detail here. One assumption is made, which states that the system has a weak nonlinearity, and respectively small damping factor. After obtaining the law of motion with relation to a larger number of influential factors, the amplitude of self-excited oscillation is determined in two different ways. Previously, this is conducted for two characteristic phases-for stationary and nonstationary modes. At the end of the paper, an analytic determination and occurrence condition of self-excited oscillations is established. This is an important factor for practical use. This is also the stability condition. The starting point for this determination was a type of experimental friction function. Derived relationships allow detailed quantitative analysis of certain parameters' influence, determination of stability, and give a reliable description of the process, which is not the case with the existing linear model. After the theoretical analysis of obtained results, a possibility for application of the suggested method in the machine tool area is presented. The derived general model based on the method of slowly varying coefficients can be directly applied in all cases where nonlinearity is not too large, which is usually the case in the field of machine tools. The greater damping factor causes a smaller amplitude of self-excited steady oscillation. Characteristics of the selfexcited oscillations in the described model mostly depend on the character of the friction force. Angular frequency in mentioned nonlinear oscillations depends on the amplitude and initial conditions of movement, which is not the case in free oscillations.
INTRODUCTION
Oscillations are an undesirable occurrence in the area of machine tools. They reduce the precision and quality of machined surfaces and also negatively influence the productivity of the machine. The problem of oscillation is also one of the key questions in cutting machining.
1 In general, resonant vibrations are the main cause of any structure failure.
2
Machine tools can experience two types of oscillations: forced oscillations and self-excited oscillation. More important is self-excited oscillations, in which the source of oscillations is the cutting process alone. These oscillations are characterised by the unstable operation of a machine. A simple change of machining parameters that usually leads to an occurrence of unstable operation can be avoided. The search for the source for these self-excited oscillations and finding a way for their elimination is some of the most important research in this area.
3 According to one of the theories, self-excited oscillations are generated under the influence of variable friction at the rake and flank surface of the tool.
1 The theory is also developed, based on a regenerative effect, which states that these oscillations are caused by varying cross-sections of a chip. In both these cases, the construction of a machine is not taken under consideration and only the cutting process is observed. 4, 5 In recent years, intensive research has been carried out in the field of self-excited oscillations in machine tools. A whole set of assumptions, analyses, and theories about self-excited oscillations has been formed. Likewise, whole new models about their occurrence are being developed. One of the most widely applied models has originated from an analysis of a cutting process on a tool's flank surface.
1 Some authors have come to a compliant model, which predicts a larger stability area when results are compared with those from the single degreeof-freedom (SDOF) model. This model takes into account dynamic characteristics of both the workpiece and the cutting tool to attain a better approach to the physical phenomenon. 6 It is found that bifurcation control can also be used to expand the unconditionally stable region at the expense of the conditionally stable region. By softening cutting nonlinearities, a subcritical instability is achieved whereas hardening cutting nonlinearities leads to local supercritical instability.
7 Hopf bi-
